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^-i^: 2/E 
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l^f-m-^m^-^] 023766 
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i^n-^] mmw i 

HIM 1 

l^^^mt^^] 0010728 



ttSiE# 2 003-3059029 



#M 2002-179875 -J • 

G a N*^_hlcfM$ ttfc G a N^'fb'^tJ^^^^iiO^^^it t < 

WLtt^m^m 1 KUm.<OG a N^4^##:^^o 

miXit2 KMm<0 G a Nm^^'ft^^T-o 

'S)!*^^ 1 3 <D\,^-rM^ 1 :^lcffim<^G a N^^^#:^^o 

[m^M 5 1 -:^<^m^:*^ 3 fU(7)^^Ui>^ h 5 0 ju miik^Mfitz G a 

T>^^^<7>mit±<7)mmm^i>zmfhfix\y^^zt ^s^Wit't^m^mi7!)^h3<o 

^^t ^#ifci:i-^»^Ji 1 :d^P> 5 OV^-rtL;&> 1 i^tcfaftOG a N^-^^^S#^mT- 

o 

ttJiE# 2003-305902 9 



#02 0 0 2- 1 7 9 8 7 5 ^-i/ - 

[ft^:® 10] G a N,^#^#:m^75^ G a N,^.#2f o X 

> G a N^.^^S^l/— r^^XfiG a N^^^^^ KOV^rr;fL;d^<^^^ CI h 
-r^ii^:^ 1 9 t)OVi-f 1 i^lClB^OG a Nm^^-ft:^^ 

O 

[0 0 0 1] 

[HB^com-r^li^fir^Sr] 
-^mm. GaNm#^#:^T-tCML. MJC|f^li(±, m^U -^^t^Mn^^ v^G 

[0 0 0 2] 

GaN. GalnN. AlGal nN^(7)III -Vmmitif') ^ ^^it^^^ 

^LT. Ill -vmmitif')^Amt^^^^^^m^-mmtir^m.i\:if^')^ 

A^^^^^H^^^i: LT. ^Jx.{i-W'fe^,1tfe<7)§&7fcr'f K (LED) 
4 0 5 n mCO^-fe^i^-eH^i-^ G a N^^S#l^-"^f ^i^^^ ^'tJ^ Pi^. H 

[0 0 0 3] 



i±iiE# 2003-3059029 



#M2 0 0 2 - 1 7 9 8 7 5 ^-v? • 

O 

[0 0 0 4] 

LTGaNm'fb'g'%^^##^B^H=^^:^$-fr^ii:tcJ: 19, ^^^<7)^v>^^ 
^l^^^-^:hfznx\t. M^XPiS^E;&^< ^or^ l^p°«|?<^G aNm'^b'a-^i^#■ 
[0 0 0 5] 

M^^^ (G aN-ELO : Epitaxially Uterally Overgrowth) ^r^oT. G 
aN-ELOSitS^ff^^L. ^<7)±IC G a N^-fb^J^^^'ft^S ^^;R$-^TV> 

o 

[0 0 0 6] 

liI5=Sr#fl^tT. •9-7T-rT*^±tCGaN-ELOll3^e=&?^^L 

G a Nm4^^#^-Hf^^^ 1 0 {i. HI 5 ICi^-f J: 9 -9-7 r ^ 1 2 ^ 

. -9-77^X^^1 2±tc;BI:^j6]^:g^tcJ: «9f^^$^fcG a N-E L O^S^t^ 
14t. G aN-EL0#7t« 1 4±tCM0CVDi£tcJ: i9Jl|M^^:R$-ii7^r. n 
MG aNn:/i5^i5^ 1 6. nMA 1 G a N ^J' 9 1 8 x nMGaN:*''rF 
^2 0, Ga I nN#«ST'#pr (MQW) #it(^)fS14^ 2 2 . pMGaN#^ 



{±5tE#2 003-3059029 



#iS 2002-179875 ^-i/ ; 



K§2 4^ pMA 1 G aN^'^y Kg2 6^ J^Z/pMG a'N =i > ^ ^ hm2 8(7) 
[0 0 0 7] 

P-A 1 GaNiS'^y K®2 6<D±Um. &Zfp-GaN:^y^^ hm2Sit 
. GaN-EL0«3t^l 4(7)mm^Ut^^Ut(7>mi.z^m^^y^h^^'f^ 
V -y-^S 0 t LTf^^^tLTi/^^o 

Mt-^ p-AlGaIniJ^^>;/K^26 19 if, p - G a N^?5;">r KJl 2 4 
^ ^14® 2 2 > n - G a Nitt'^ 2 0 > n - A 1 G a I n ^ ^ Kip 1 8 . 
:S.JFn-G aNrj>^ ^ 1 6 <7)±g|5/g{i, V y 3 0 tW'^^£^'^3 2 tL 

[0 0 0 8] 

-7^3 OOWHiM^^O^^p-A 1 G a I ni^^-y Kil2 6 ^±iC{i. p 
-GaN=t>^^ym2 8±^mntfzS i O2 ms 4 56-*^|g|^tLTV^^o 
p-G aNn^iJ^i^ 8±tc(i:. P d/P t (T^^il^JSM^-'b p 1|(J« 

iMs 6>6^^fM^tt, Mt*s i 02 ms 4 <omu^ij\-Lx pmrnms e tm^^iz 
-So v^^)]y3 7(Dm.mit. t i/p t/Anmmmx^ho 

ifz. n-GaN3>i57iJ^hjil 6±tC{i:, S i O2 M3 4 0MP^i^L'CT 
i /P t/Au<^)«^#^ll^^f>;&<5> nmmms 8i!)WifX^:ho 
[0 0 0 9] 
[|&^:*«^^t J; ^ tir^bmm] 

t<Di^^7[^m^(Dmm^mmLx\^^hi,<D(D^ g a Nm^^^^n^fe^^o^^^t 
^(Dfzib. GB.j^\^<Dmmmk<mm^i^\^x\^^^i}\ g a^^^m^^^m 



i±JiE# 2003-3059029 



#m 2002-179875 



[0 0 101 

me (a) Rv' ih) ^mmLx. mm.^^mm<DG aNm^<Dm^t: 
um-r^o me (a) 25:t>' (b) fi. ^n-pti. 3TgBs.t>'®iijs^PiS^^=^m 

LT, 0 7 (a) X 0 m7 (b) tl^-r<t d^iE:^ 

[0 0 11] 

■e{i^<, -D^Ux-tfias (a) Tg|5 4 4 ;6WiELTm;fcfeti 

seM$tLyi:^>o. Mtctiias (b) iz^-rxdiz^ =ir^4 4i^mmzmmLx 

[0 0 12] 

±^cOGaN^{i, #W 2001-10230 7 -^^^mKm^^itLfzi^m^ 



2003-3059029 



#^2 0 0 2- 1 7 9 8 7 5 ^->f 

[0 0 13] 

[0 0 14] 

. ^WLt\^xmmx^hfmii-t^^ti)^x^^o 

[0 0 15] 
[0 0 16] 
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#M 2002-179875 • 

[0 0 17] 

■€-<7)f^^ HVPE^ (Hydride Vapor Phase Epitaxy ) iZX^ G aN^lpM^ 

G aNe«r^ft$^^7tm, T*b*^^|^*t. G a N<^iPMjg=grWIU 

iPX> Wjg^Dl tT^M=Sr¥ii'fbi-^ ^ t J; i9 , G a NM^^j^Wki-^ C ^itS^' 

C«7)j:^ lCLTfpM^tL;t:G aN*;^(i, c Wj^^^M-C^ 0 . -f-cTjittH, 
[0 0 18] 

±iE<^:^^tcJ: iJ^^-^^ttfcG aN^;^Ji. E L 0^^)iffl tT^S$-i±-;^cG 

m^li=iTm^4 0 0;«mr^PST Cl - l O 03 :^(fi]tl®:&t. r^Ttl^^nr 
SR^O^irfg:^Si^PigfIjt;6?#;&i-;S (0 0 0 1) nMG a NS>^^^^T?i^$^^T 
V^;i.o m^^fifz (0 0 0 1) nMG aN^^cD^&^Jgti, rr T^<^'4''C^5&^^ 

X 1 06 cm-2liXT<Dmit^n 5 0 mi^Ji<^i|iSlC;bfcoTM4£ L> S/MSfi^ 
mit2. 8X105 cm-2tl^t1-^o HI 9 4". 0 {±— :)5-<Or3 r^OtfJ^ll^T' 

^^9^ 4 0 0{±^tfe:^OaTSOPf3v|:^^^^l5^^^„ 
[0 0 19] 



tiiiE# 2003-3059029 



0 0 2 - 1 7 9 8 7 5 ^-v' 

#T-^<^G aNm^^#:^^^ISlc^^i-^Pp^S-e^^o 
[0 0 2 01 

[0 0 2 1] 

J; ^ tc. -9-7 7^ rm^ 1 2 C>ft;tT±iiE(7)#ft:^^i-^ G a N*«4 6 ^'fgv^ 

> 5^^oG a N-E L O^f^g® 1 4 ^l^tt^ - t ^ < G a NM>fb^tJ4^##:eo« 

®«it^E^GaN^4 6JitC?g^t/cC:<h^^v^T. HI 5 G a N^^^#: 

f^^l Oi:|gi:«^Oij^^^#:ix^-if^:f.:Sr'f«L7^:o 
[0 0 2 2] 



miE# 2003-3059029 



#M2 002-179875 ^-v? 
Oi&f^^#T-^GaN^#^^V--Hf#i^4 8^i&^^Mi^L7ti:Ci;5K HI 1 1 

■(b) <r>^^^ (2) tz^-t-i^ti. mm&^n±\^x'^xmm.^ni^^^x 

1^5^ mil (a) l^— 9-':^ V^^rs 0. Kp{^;l'3 7:R0fn1iim*B 
3 8 <^@eSt 3X^15 4 6 a<7)iegi:OM^^^i-GaNm###:ix--if^-i^(7)3p 

sEiT^t). mil (b) Cm A] ^mm\z.it^ti Cmwj :a 

-^=1:^5^77 (1) -BLXf^^y (2) t?^-tm-C*^o 
[0 0 2 3] 

MIC, ^OC<h^^v^tBL/.:o GaN^5^±tc5^^$ti.7^cGaN 

t^&o-CV^^, L:d^^, ^^^4 6 aJi<7)^®t#^(7)i^^jg>>:|?iS^Jt{i^ 11112 

®t-.^^^^'^DTv^^o -e-<7>7^:ie>tc, ^N*-;/ K^^;V3 7TOS i O2 M3 7 tcM 
l?co^ v^'^jt ^s^Bf 6<J tC:^ D T ^ o 

-eoM:^, '^Xmii)^^^ K ^ ^J' ;w 3 7 ^^f^ffi I'^^i" ^ c: ^ ^ < «^ 
«iiOi^^«^|IilfIJt^#SSLTGaN^«4 6 1C^U Smtt^Wt^GaN 
^«4 6^i/hLTn«;gg3 8lgVMi^l|fe1itcM*&1-^o i^Oi^^ 
7 (1) <^J:9l3l^— 9-*^^L>&v^::t;6^*i|o7to 
[0 0 2 4] 

t/i. mi3 (a) \Z7§^-^^^\z^ V— h 7'3 0. p ffllJKMO/N" !y K 
^^^'l-S 7, Wn'mmM^ 8?r3Tf|5m^c0^ittcSBgL/zGaN^ij^^^#:^ 

13 (b) ,^!j4 v<7)epjDmffi-e0jii;^Li:vHitm»tLfit=^^L. ep 
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i|#M2 0 0 2 - 1 7 9 8 7 5 ^-i^ : 10/ 



[0 0 2 5] 

\^^^^t^WWLtLX\^^^o 
[G O 2 6] 

m.')-^^mit\.x\^^^o 

[0 0 2 7] 

^m±.m9\\x^^m.^mw^K-:^^-tho ^t^. ^rmt. ms (a) rx^ 
(b) ^z.m-ti^\z^ ^umx'Mm^'^y.it^mm.m'm^Lx^y^xi^. xfiK 

yy^(DuTUi)K mi (a) ii-h (c) ici^f J: 9 t::. :S^tfi:LTiea$ tLTv^ 

xwnhi^lfz^^y ¥j^^}i^\z^mvx\^^^o -'^(Dwm<D^mfm\t. m^<o'^ 



ffiiiE# 2003-3059029 
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^-v': 11/ 



[0 0 2 8] 

mJimjilc lilt's J: ^ tzi-^o 

^-^> 1 0 0 jum\':}.±mnfzG siNmm.(r>mm±<Dmmm7ki,z^i>fhtix\^^:hxd 

tL<{i. -:^(7)m®:6^\ =^T^(50^,W:^-ib5 0y«mm±^;h,fjGaN*3^O 
[0 0 2 9] 

[0 0 3 0] 

^^m\t. G a Nm¥^##i^^i5S:. mz G a N^^3fei5^-r r^-- G a 

^miifv-^^m'^m^^ts. G^if^n^^m^m=^\z%rM\>zmmx^^, ttz. 
y y^^)\^i)mmm(Dmu^ij\-Lx:^Y^y(zrmMKm%mzmm:\.x\^^:huy) 
. v-^7sV'7^-f(Dm^\zm\mm<^mx^:ho 



miE# 2003-3059029 



2 0 0 2- 1 7 9 8 7 5 ^- v • 12/ 

Jl^-fi^ G aN^FET^G aN^^T-n^-^/N'^.i?-^ (jIB 

A laBbGacI na NxPyAsg (a + b + c + d=l. O^a. b. c> 

1. x + y + z=l. 0<x^l. O^y. z^l) $ ^^'fb'^J^^^^^: 

[0 0 3 1] 

^mmfmMlt^^m^^m^ G a N^###:^^^ G a N^iJ^^##:lx-Hf^T- 
l^iifflL/v:^:itf^a<^-M'e^oT. HI (a) {»ll*fefm^M<?>G a N^4^-^ 
ifm^-<7)*^=^r^i-KfMIlI, :2^C>'I2I1 (b) it:$imM^mm<r>G aNTh^ 

[0 0 3 2] 

^^-e^oT. mi (a) tc^i-i^tc, -^y T ^rm^i 2\zitk.Xm^<om9 

tC^-r^'tt^Wt-^^m'&^^OG aN«;K5 2 -Sr-^v^, 3&^oG a N-.E L 0# 

1 4 ^^tt* c i: ^ < G a 'iiimt'^m^miifm(ommm^^u^G a n*;^ 

5 2_htcB^L/^^:i:^|^v^T. EI 5 OG a N^4^^#:lx-Hf^^ 1 0 ^|WID^ 
tTt. llI5coGaNm^^#l^— ^fm^l Otl^^tl. pffiOmMS 



mtiE# 2003-3059029 
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^-v : 13/ 



6 pmmms e<D^\mLmmt lts i 02 ms 4<Dma^iffLxpmmm 

3 6 tm^6^tC^MLTv>-2>, pflljmfe3 6 J: iliMlA<^/N*'y Kp? ^;i/3 7 
[0 0 3 3] 

G aN^>^5 0{i. mi (b) K^-t ^ ^ mx.m^l 0 m(D V y h^^ikX 

1/— h^^T^s 0. pfiom^ss 6:?g:?^VN°-y Kp<ij^;i.3 i^^ir^hpnm^ 

U (y^y Vj<^}1^3 7X-itm-t^) . afe0^^iCn1|IJ«®3 8{±. mi (a) RZ/ ( 

pffiij«s§i5 kp<^;i'3 7) RVnm'mms sommmt. ^rglSS 2 a 

<7)ft'^C^:^-?> 1 0 O./^m^PHLTV^^o t^oT, K^i5';U3 7 <7)i|iJ^g|5 rr T 
g|55 2 aO^M^^fiO^OTfC^jg^Sp :S.J>'n1iima3 8 ^nTtl55 2 a<0^m 

g|5 5 2 a (DmmU^^h 5 0 mJiUJi^Pi tTV^^o 
[0 0 3 4] 

HI 2 3 ^£r#BS LT. ^mmfmM<0 G a N^^^#:i^-Hf 5 0 ^i^ 

m^-r^-^^^mm-t^o m2 (a) (c) s :5:u^^iii3 (d) t (e) 
iifMiEi-e^>^o 

U5 2 a t 2 a ^ cOFHlPffi:6M 0 0 m@Jg<7)G a N*^5 2 ^mm-t^ 



-etT> GaNft^5 2±tc. MO C VDi^^lC J: o■rJIII-^^ 02 (a) i,z^ 
-tJi^K^ nMG aN=r 1 6^' nMA 1 G aNi^^ K§ 1 8. nM 

G a N:^r^ Kit 2 0 . Gain N#mS^#P (MQW) #3t<7)fStt^ 2 2 . p 
MG aN:^M KiS2 4. pMA 1 G a NiJ' ^ «7 2 6 ^ RVpMG ^ > 
^ Vm2 8^J:.\£^^i^^rJV^^^^X^ «®^^=^5^^i-^o 



tti|E# 2003-3059029 



#M2 002-179875 ^- 

^ru^2B.(omLm<7)^m±. 1112 (a) tc^i-i^tc, ^mm^mzim. 

[0 0 3 5] 

^v^r. 4 0 0'C@Sc7)^SjK-t:-T--;v^a*ifeLTM7X*^ll^ffv^oop 
[0 0 3 6] 

pMGaNrr>^^ 8_hlCS i 02 m=^m^$i±-. |iI2 (b) K 

o 

^v^-e. S i O2 m^X^ 5 4±7{>^5> pMG aNnViJ' ^ h^2 SRXfpmA 
\ G a.^^y -y Ym2 6<D±Um^^y^yifLX. EI2 (b) frc^i-J:^tc^ 
=3Tg|5 5 2 a;d-^g|PiL7^:figti;^ b^^TT^^ftV ';'v?3 0 -^f^^i-^o 
[0 0 3 7] 

i^v^T. s i 02 m-^;^^ 5 4 *p^*L. ^ijos i 02 m^mmm^±.\.zmm 

SUOS i O2 mS:^N-iJ'-->^*LT-7;^i^ 5 e^f^^L. pMA 1 GaN 
KJi2 6<7)TS|5^. pMGaN:^f^K^2 4. ®tt^2 2. nMGaN;5f 
^ K^2 0. nMA 1 G a N ^ v Kii 1 8 . :5.(y'^nil!G a Nn > ^ i> 1 6 
(DAMm^^^y^y'iri^X^ m2 (c) i;^t-<tdt3. :&<7)r?TS5 2 a5&-5>^ 
^ <mmLtz^m.K7. h^^^t^tU ^5/3 0 ^|SID:^[^<7)M:&i-^^-9-3 2^31^ 

[0 0 3 8] 

^V^T\ -7;^^ 5 6 «:l^*L7tm. «Ji«atJitcS i O2 M3 4 ^^MU V 

y^''^y^^WRXf^y^z^^'1i]\j:^m\^Xpm.G2i^a-y^C^Ym2S±<OS 
i O2 113 4=g:PiPL> ^v^-e';7h:^--7iPX^itfflLT. US (d) Jc^-fJ: 
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^-v: 15/ 




His (e) \z7B-rxnK^ v>nmM^ e>}i'm%mz.^m-th^nm^mLmmt 

<7)=iTS|5 5 2 a(7)^jg;e>-^^|PSLTV^^iSg, ^^W^SM-e(i 9 5 m^nx 
[0 0 3 9] 

pfOm^S 6<0/>°-y ^';i/3 7. ;S.0*^nffl!l«S3 8 G 0 <D=iT 

^5 2 amo^it±om^mi^tc^it?>*iTv^^oT% mmv - ^ybmm^fi 

[0 0 4 0] 

mwMmm 2 

^mm'Bmmt^^miZ'm^ G a NM4^##:#^?: G a N^#^-^l/— if^-^- 
lcigMLfcm»^.<7)gU<^^jT'^or. 1114 (a) it^mm^mn<DG al^^^ 

^^^-^'^'^(Dmj&^w^'rmmm. Rr/m4 (b) it:^mmMmm<DG 

m]^(DG aNm^e 2 ^J^oQ aN-EL0#3t^ 1 4 ^nn^^t^j:< 

G a Nm^k-^i^^^^il 0«€1t3t ^UmGaNm^KS 2±l,zf^^Lfz^t. n 
MG aN3>-3'i5' ^^ 1 6 ^t^ttrv^^Srv^^ :5.?/nl|lJ«;^ 6 4ib^GaNmm 

e 2<DmmKmifx^^^m\^^x. mdoGai^m^mi^i^-'^m^i otmc 
mjsc^m^xy^^^o 
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[0 0 4 1] 

-ot^. GaN^.^^^V-— 9--a^6 0{±. 1114 (a) tc^-Ti^tc, GaN 
*^6 2t. G aNm^6 2 ±\,ZMOCVDm^J:^ m>k]&M^-tfz. nMA 1 
Gal^^^y Vm 1 8. nMG aN:*M 2 0 . Gal nN#m»^F-#F (M 
QW) «>i<7)?S14^ 2 2 . pMGaN^^r-f K^2 4. p MA 1 G a N ^ 
2 6. :Rt>'pMG aNn^iJ'iJ' hm2 8<ommmitt^ pmmU3 SRZ/^^y K 
p^^;V'3 7^^i-^mMSI5^^#x.Tv^;2>o 

GaN*^6 2{i. |1I4 (b) t'^-tJ: 9 ic. 1 0 m0^g|^i|^<^r/ Tg|5 
6 2 a^Sr^L. ^TUe 2 at^^TUe 2 a ^OMPit±4 0 O/^m^JgT-^^o 
[0 0 4 2] 

P-Al G aNi^^-;/ K;12 6 (7)_La5€, RZTp - G al^ a > ^ ^ b;i2 8{± 
^ =iTU6 2 a tm<D:jrU6 2 a i:<^^1lC'&S-t'l)^ h^^r^yt'; v3 0 t 

p-GaNn^^^ 8±^^nL7t:S i O2 ^3 4^^ V yi^3 0 (DM 

mmWp-A \ Galn^yy Vm2 6 co^^ i9 SJitc^M^ ttTv^^o 
p-GaNrr>^^ hif 2 8±tl{i. P d/P t /A u <0«©^Jl»-e> 

pii«M3 emm^fi. Mt^s i 02 J^3 4<omn^d\^LXT>mmms e 

Kp{^;V3 7 ^^pm<Dd\^mLm.mt LX S i O2 M3 4± 

^y^vT. n-G aN=T>i5'i^ 1 6±tC(±, T i XP t /A u O^^^J^M^i^ 
^ ^ n iOmM 3 8 ;6^tt"r ^ ^ o 
[0 0 4 3] 

u—^'y^ h ^ -7° 3 0 . p fijm^i 3 6 Rv^-^ y v^^)\^3 7 i^^ir h p m\mM 

U U^yY:^9)VZ7Xitmt:h) . ifemcnl|ljmM3 8{i. Iil4 (a) ^Xf ( 
b) (c^-fi^ll. GaN*3^6 2 0DT$|56 2 aJLy.^OM*^±oa^=^itlC|g 

l>mmMM K^^;W3 7) :5.t>*n1lijmfe3 8 OflimglSti. nTg|56 2 a 

1 0 0//m^lPSLTV^^o t^oT^ /n*-;/ Kp<^;1'3 7 0M^S|5i:rrT 
g|56 2 a<7>^^^i:<^FBl(^)7K¥IESISp :S.t>'nffl!I«M3 8 i:3T§55 2 a(0'^m 
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17/ 



[0 0 4 4] 

U6 2 a t<7)mm-^U 0 0 A^m^JgOG aN^^Ke 2 Sr-^efflL. G aN^6 2 
±lCMOCVDi*^lzj:oTll^. nMA 1 G a NiJ' 7 y KS 1 8 . nMGaN 
^''T K^2 0. Gal nN#a»i^#p (MQW) m^com^m 2 2. pMG a 
N^M Kil2 4. pMA 1 G aN^7 y KS2 6. :&0^^pMG a N rr > ^ iJ^ hJf 
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